Abstract According to a previous review, multiple mucosa-associated lymphoid tissue (MALT)-organs involving marginal zone B cell lymphomas (MZLs) are present in 10-30% of patients. However, the clinical features and specific relationships among involved organs are yet to be clearly identified. In this study, we conducted retrospective analyses of multiple MALT organs involving MZLs (MM-MZLs) 
multiple stomach lesions, etc.) were excluded from this study. The male/female ratio of the 55 patients was 41/14. The median age of our subjects was 59 years (range 30-82 years). MM-MZL without lymph node (LN) was detected only in 9 patients (36.2%). Bone marrow (BM) involvement was observed in 17 patients (30.9%). The most common site of involvement was the gastrointestinal (GI) tract (25 patients, 45.5%) followed by the lung (40%), Waldeyer's ring (WR) (27.3%), and ocular area (25.5%). Ocular MZLs were commonly accompanied with WR-or lung-MZLs. GI-MZLs were WR or GI-MZLs. Lung-MZLs were frequently observed with ocular and GI-MZLs. WRMZLs were ocular or GI-MZLs. A total of 53 patients were treated, and 2 on watchful wait. As much as 48 patients received chemotherapy-based treatment. Among them, CR or PR was achieved in 38 patients (79.2%, 95% CI 67-91%). Median time to progression (TTP) was 2.3 years (95% CI 1.4-3.2 years). Cause-specific overall survival (OS) did not reach the median value. The 5-year OS rate was 84.9%. MM-MZLs tend to be an indolent disease, characterized by prolonged survival with frequent relapses. The majority of cases could be controlled effectively via chemotherapy-based treatment, and prolonged survival was achieved in those patients. The GI, lung, WR, and ocular area were commonly presented with other MALT site MZLs, and an organ-specific relationship appears to be relevant to MM-MZLs.
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Introduction
Marginal zone lymphoma (MZL) is a distinct subgroup of non-Hodgkin's lymphoma (NHL), which is typically characterized by an indolent clinical course and prolonged survival duration [1] [2] [3] [4] . MZL of the mucosa-associated lymphoid tissue (MALT) type has been shown to be responsible for approximately 7-8% of all NHL. In Korea, MZL accounts for 17% of all B cell lymphomas, and is the second most frequent histologic subtype, after diffuse large B cell lymphoma [5] .
Mucosa-associated lymphoid tissue lymphoma is usually confined to a single extranodal organ with the acquired tissue, and has a favorable prognosis [3, 6, 7] . Otherwise, patients who initially presented with multiple MALT organs involving MZL accounted for 13-32% of all MZL patients [1, 3, 8, 9] . Although they were classified as stage IV MZL, if these cases were not accompanied by nodal or bone marrow involvement, the prognosis was as good as that of stage I or II cases [3] .
There is controversy as to whether WR should be considered as a nodal or extranodal site. Waldeyer's ring (WR) is considered the point of contact between MALT and peripheral lymphoid tissue of the lymph node. In addition to having characteristics of peripheral lymphoid tissue of the lymph node, these lymphoid tissues show characteristics of MALT, such as the absence of sinusoids, but the presence of a marginal zone, direct contact with epithelium, and intraepithelial B-lymphocytes.
Certain relationships have been reported to exist between co-involved organs in the lymphoma-WR-gastrointestinal (GI) tract [10, 11] . According to a previous study of MZL, as well as the observed contralateral organ involvement and involvement within the same tract in the orbital, salivary gland, lung, and intestinal groups (paired organs), specific dissemination patterns appear to be present and characteristic to the primary site of presentation, supporting the notion that the expressions of special homing receptors and adhesion molecules are involved in the trafficking of MALTspecific lymphocytes to MALT-containing organs [9] . However, owing to its rarity and the small sample numbers reviewed thus far, it is difficult to identify any specific relationships among involved organs, clinical features, and prognosis.
In this study, we conducted retrospective analyses of multiple MALT organs involving MZLs (MM-MZLs) in order to identify their clinical features, treatment, prognosis, and specific relationships among involved organs.
Patients and methods

Patients and data
Eligible patients for this retrospective analysis were initially diagnosed with MZL according to the REAL/WHO classification criteria. MM-MZL was defined as that MZL which involved synchronously more than 2 different MALT organs at the presentation. Multiple involvements within one MALT organ (e.g. both side ocular lesions, multiple lung nodules, and multiple stomach lesions, etc.) were excluded. Unified case report forms were provided to the participating institutions. The collected data included age, gender, performance status, stage according to the definitions of the Ann Arbor staging system, location of primary involvement, presence of B symptoms, hemoglobin, absolute lymphocyte count (ALC), lactic dehydrogenase (LDH), hepatitis serology, initial date of diagnosis, and treatment modality utilized. We also obtained data regarding time to relapse, relationship with primary site and relapsing site, salvage treatment modality, and response and survival rates after salvage treatment.
Retrospectively, this data collection of patients with multiple MALT sites involving MZL was approved by the local ethical committee.
Histology
Diagnoses of marginal zone B cell lymphoma were based on the characteristic histological findings established in the WHO classifications, as well as the results of immunohistochemical staining for CD20 and CD3. Cases which proved difficult to exclude other low-grade B cell lymphomas, immunohistochemical studies for CD5, CD10, CD23, cyclin D1, BCL6, and Ki-67 were conducted. Because MZL is commonly accompanied by reactive hyperplasia, gene rearrangement studies for the IgH gene were conducted via PCR analysis, in an attempt to exclude any benign hyperplasia.
Statistical analysis
The relatively high incidence rates related to specific organs were compared by t tests. Categorical variables in the two groups were compared via v 2 or Fisher's exact tests. P values \ 0.05 were considered statistically significant, and all P values corresponded to two-sided significance tests. Overall survival (OS) and time to progression (TTP) were estimated via the Kaplan-Meier product-limit method. TTP was calculated from the date on which treatment began after relapse to the date on which the disease progression was recognized or the date of the final follow-up visit. OS was measured from the date of relapse to the date of death or the date of the final follow-up visit. Survival rates were compared for statistical differences via log-rank analysis, and Cox's regression model was utilized for multivariate analysis at a P value of \0.05 in the univariate (by log-rank test) analysis of OS and TTP. All data were analyzed using SPSS software (Version 18.0, Chicago, IL, USA).
Results
Patient characteristics
Between October 1995 and February 2009, a total of 55 patients who were diagnosed histologically with MMMZLs from 17 different institutions in Korea were included in this study.
The clinical presentations of the patients initially diagnosed with MZL are provided in Table 1 .
The numbers of males and females in this study were 41 and 14, respectively. The median age was 59 years (range 30-82 years). The majority of patients (85.5%) evidenced good performance status. B symptoms were noted in 10 patients. Lymph node (LN) involvement was noted in almost all of the patients (89.1%). BM involvement was detected in 17 patients (30.9%) ( Table 2 ). As much as 45.5% of the patients (25 of 55) were categorized into the low or low-intermediate risk groups, in accordance with the International Prognostic Index (IPI). According to the Marginal Zone Lymphoma Prognostic Index (MZLPI) [7] , 85.5% (47 of 55) were assigned to the low-risk group. The numbers of involved organs (2, 3, and 4) were 38 (69.1%), 13 (23.6%), and 4 (7.3%), respectively. The most frequent sites of involvement were the GI tract (45.5%), followed by the lung (40%), WR (27.3%), and tonsil (25.5%) ( Table 3 ).
Response to treatments
A total of 55 patients were treated, and 2 were observed until progression on watchful wait status (Table 4) . Among 53 patients, 48 received chemotherapy-based treatments. Among those patients, CR or PR was achieved in 38 (79.2%; 95% CI 67-91%). Treatment with only chemotherapy without operation or radiotherapy was administered to 34 patients. A combination of rituximab and chemotherapy or rituximab applied singly was utilized in the treatment of 23 patients. Except for 1 patient, all of the patients enjoyed clinical benefits (Table 5 ).
In the cases of MM-MZL involving nearby organs or operable lesions, local radiotherapy or operation treatments were performed on 5 patients. CR was achieved in all 5 of those patients. Three patients transformed DLBCL during follow-up.
TTP and OS of multiple MALT organs involving MZL
Median TTP was 2.3 years (95% CI 1.4-3.2 years) (Fig. 1) . OS did not reach the median value. The 5-year OS rate was 84.9%. Gender, age, LN involvement, BM involvement, ALC, LDH, performance status, and the use of rituximab or anthracycline were analyzed for evaluations of prognostic value. However, no relevant predictive clinical factor was detected for reduced TTP and OS for MM-MZL.
Organ involvement relationship of multiple MALT organs involving MZL
The most common site of involvement was the GI tract (25 patients, 45.5%) followed by the lung (40%), WR (27.3%), and the ocular area (25.5%). A total of 14 patients had combined ocular and adnexal MZL with MZL of other MALT organs. WR (4 patients) and lung (5 patient) were the most frequently co-involved organs (P = 0.040 and 0.019, respectively). As much as 15 patients with WR-MZL also more frequently evidenced accompanying ocular and GI-MZL (4 and 8 patients) than was observed in other sites (P = 0.040 and 0.019, respectively). Patients who evidenced combined MZL of the lung with other MALT organs were 22. The most frequently involved MALT sites were ocular (5 patients, P = 0.021) and GI-MZL (10 patient, P = 0.001). The GI tract was the most commonly involved site of MM-MZL. A total of 25 patients evidenced co-involvement with GI-MZL. WR (8 patients, P = 0.003) and lung (10 patients, P = 0.001) were more frequently observed than other MALT sites (Fig. 2a-d ).
Discussion
Mucosa-associated lymphoid tissue lymphoma is generally confined to a single extranodal organ. Advanced-stage MZL accounts for 20-50% of all MZL [1, 3, 8, 12] , and MM-MZL accounts for approximately one-third of cases of advanced-stage MZL [1, 3, 8, 9] . In a study in which 158 patients were enrolled, only 18 (11%) evidenced multiple organ localization [1] ; 7 (3.5%) exhibited stomach and intestinal tract involvement; and 5 (3%) evidenced GI tract and lung involvement. In another recent retrospective survey of the International Extranodal Lymphoma Study Group in which 180 patients were analyzed, multiple MALT organ localizations were noted at diagnosis in 13% of all patients [3] .
This pathogenesis of MM-MZLs has been previously explained with the results of characteristic expression of homing receptor or adhesion molecules on the surfaces of B cells in cases of MALT [9, 13] . Expression of mucosal lymphocytes and mucosal vascular addressin cell adhesion molecule-1 (MAdCAM-1) on high CR complete response, PR partial response, SD stable disease, PD progression of disease, NE not evaluated endothelial venules (HEV) may play an important role in lymphocyte migration at sites of chronic inflammation or MALT lymphoma of the gastrointestinal tract and thyroid. In other organs, peripheral lymph node vascular addressin (PNAd) may have the greater role [14] . And also a4b7 integrin and L-selectin may play an important role in the lymphocyte homing of gastrointestinal lowgrade MALT lymphoma [15] . But there is a controversy whether MM-MZL has clonal relationship or not [16, 17] . Paired organs (lung, orbit) generally exhibit a tendency toward bilateral involvement or toward being sites of relapse [6, 9] . However, inter-organ relationships have been reported in a limited series. In the aforementioned large-scale retrospective study, pulmonary MZL has been reported to exhibit a specific relationship with GI tract involvement [9] . Gastric localizations were diagnosed at staging gastroduodenoscopy and histologically confirmed (odds ratio for simultaneous gastric localization in the lung group was 14.3; 95% CI 3.8-54.4, p \ 0.0001).
In our survey, multiple mucosal site involvement concerned not only the GI tract, with dissemination to the stomach or intestines, but also the GI tract and non-GI tract organs, along with dissemination to other mucosal organs. Although GI tract and lung involvement in MM-MZL was the most common type, this relationship was also noted in GI and WR MM-MZL with a similar pattern, as in the cases of NHL.
Moreover, between the non-GI tract organs, WR-ocular and ocular-lung, a relatively higher incidence of coappearance was noted. The relationship between non-GI tract organ and MZL has yet to be reported. This may originate from the rare incidence of MZL, allowing for the relationships between two organs to be characterized. If we synthesize our analysis, we can draw a relational figure between involved MALT organs (Fig. 3) . Interestingly, no ocular GI tract and WR-lung were noted. According to a previous prospective analysis, secondary gastric spread was virtually absent in parotid and orbital lymphoma; this finding is consistent with our data [18] . Therefore, they suggested that an extensive GI work-up in the absence of clinical symptoms does not appear strictly necessary in patients diagnosed with MALT lymphoma of the ocular adnexa. In previous prospective and retrospective studies, gastric and extragastric MZL have been shown to evidence only minimally different dissemination patterns and prognoses [9, 18] . In cases of gastric MZL, almost 50% of patients evidenced dissemination within the GI tract. Extragastric MALT lymphomas are significantly more likely to disseminate than gastric MALT lymphomas and evidence shorter duration in TTP. In our analysis, we did not separate gastric organs from extra-gastric organs; thus, it was actually impossible to determine which site is the primary site in MM-MZL. Gastric organ-and extra-gastric organ-involved MMMZLs were also analyzed for TTP and OS. However, our data showed no differences in TTP and OS duration. Other proposed factors-regional LN involvement, BM involvement, use of rituximab, and anthracycline and advanced age-were not prognostically significant.
This study was undergone based on the retrospective medical record review. Therefore, it could have a lot of bias, such as selected patient data collection, insufficient staging work-up, different treatment regimens, and loss of follow-up. Staging work-up and treatment modalities were all carried out in accordance with the institution's recommended protocols. Chest computed tomography (CT), Abdomino-pelvic CT, involved area CT, BM examination, and physical evaluation for palpable LN were recommended to evaluate disease status. In cases involving Waldeyer's ring, GI study was recommended. But, all the recommendation did not perform to every MZL patients. In this study, except 1 patient, all patients had performed the BM evaluation. But, 12 out of 15 Waldeyer's ring MZL patients had performed GI tract evaluation (endoscopy and colonoscopy). Therefore, a little percentage of incidences might have a possibility of underestimation. Additionally, we did not take genetic factors into consideration. According to the findings of a previous study, multifocality was significantly associated with t(11;18)(q21;q21) in gastric lymphomas and with trisomy 18 in extra-gastric lymphomas [18] . This could have generated bias in the results and conclusions of our data analysis.
In conclusion, the results of our survey show that MM-MZL tends to be an indolent disease-it is characterized by prolonged survival with frequent relapses, similar to MZL involving other single MALT sites. The majority were controlled well with chemotherapy-based treatments, allowing for prolonged survival durations. However, no prognostic factors of MM-MZL in the GI, lung, WR, and ocular area were commonly detected with other MALT-site MZL; this appears to be an organ relationship that commonly exists in MM-MZLs. Fig. 3 The scheme of multiple organs involving marginal zone B cell lymphomas. WR Waldeyer's ring, GI gastrointestinal tract, Ocular orbit and ocular adnexa
